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Description 

BACKGROUND OF THE INVENTION 
Technical Field 

[0001] The present invention relates, m general, to a 
methodology for the generation of nonsegmented neg- 
ath^strand RNA viruses (Pringle, 1991) from cloned 
deoxyr&onucteic acid (cDNA). Such rescued viruses 
are suitable for use as vaccines, or aitemalivety, as vec- 
tors in somatic gene therapy applications. The invention 
aJsocorrtempIates for its practise cDNA molecules sufi- 
able as tools in this methodology and helper cell lines 
aitowingthe direct rescue of such viruses. Measles virus 
(MV) is used as a model for other representatives of the 
Mononegaviiales, m particular the family Paramyxoviri- 
daa 

(0002] The invention provides the technology for con- 
struction of recombinant vaccine strains, in particular 
MV vaccine strains containing cooing regions for the ex- 
pression of epitopes or entire protein from other viruses, 
bacteria, or parasites. It also demonstrates that chimeric 
MV strains containing heterologous envelope proteins 
can be constructed suitable for targeting cells not con- 
taining an MV receptor. Thus, in principle, plasmids 
based on the genome of MV, packaged in envelopes 
containing proteins for targeting special cell types can 
. be constructed, encoding gene products either tacking 
in genetically defective individuals or toxic for targeted 
malignant cells. 

[0003] By straightforward replacement of the MV-spe- 
cific helper cell lines described in this invention by cell 
lines expressing the cognate proteins encoded by other 
representatives of the Mononegavirafes to be rescued, 
any other member of this viral order replicating in verte- 
brate cells can be used for the purpose of live vaccines 
or of vectors for gene therapy instead of MV 

Background Information 

Measles virus 

[0004] MV is a member of the family Paramyxoviri- 
tfaa Its genetic information is encoded on a single RNA 
strand of negative polarity, comprising 15894 nucle- 
otides. The genome is sequentially transcribed from the 
3* terminus to yield, in addition to a leader RNA. 6 major 
capped and polyadenytated messenger ribonucleic acid 
(RNA) species, each of which encodes one major pro- 
tela The genome map is shown in Figure 1, indicating 
the genes specifying as the principal products N (riucte- 
ocapsid protein), P (phosphoprotein), M (matrix pro- 
tein), F (fusion protein), H (hemagglutinin) and L (targe 
protein = polymerase). Several additional RNA and pro- 
tein species, in part mentfaned in the Table of Fig. 1 com- 
plicate this simple picture, but they are not relevant here. 
[0005] MV is a major cause of acute febrile illness in 



infants and young children. According; to estimates of 
the World Health Organisation (WHO), one million 
young children die every year from measles. This high 
toil arises primarily in developing countries, but in recent 
s years also industrialised countries, such as the USA 
have been affected again by measles epidemics, prima- 
rily due to incomplete adherence to imrrumisation pro- 
grams (Clements and Cutts, 1995). At present, several 
Gve attenuated MV vaccine strains are in use (including 
70 fte Schwarz, Moraten and EdmonstorvZagreb strains), 
almost aO derived from the original Edmonston strain 
(Enders and Peebles, 1954) by multiple passage in non 
human cells (Enders, 1962). For a recent discussion of 
. MV vaccinology including future trends see Norrby 
*s (i 995). Measles vaccine is usually administered at 15 
months of age or, in developing countries, already at 6 
months, and has proved to be highly effective, usually 
providing life-long immunity against MV reinfection elic- 
iting morbidity. To date, the genetic alterations respon- 
se sible for attenuation of these vaccine strains remain un- 
known. The proven safety of measles vaccine, com- 
bined with its high and long-lasting efficiency, predes- 
tines it as an ideal ptasmid for the expression of heter- 
ologous genes. Such a vaccine may prove as efficient 
& in eliciting long-lasting immune protection against other 
pathogenicagents as against the vector virus itself. An- 
other possfole candidate as vaccination vector is 
Mumps virus, a distant relative of MV, which is also high- 
ly efFicaceous and safe as attenuated. live vaccine. 

30 

■ Rescue of RNA virus from cloned DNA 

[000SJ The study of the replication cycle of a number 
of RNA viruses has been greatly facilitated by the avail- 
3S ability of DNA clones from which infectious virus can be 
rescued, thus allowing the application of reverse genet- 
ics. Initially, the bacteriophage Qp (Taniguchl et at, ' 
197B) and polio virus (Racanielloand Baltimore, 1981), 
and subsequently Sindbis virus (Rice et al., 1 987) were 
<o expressed from cloned cDNA. To date, a large variety 
of positive-strand RNA viruses, primarily infecting ver- 
tebrates and plants, can be rescued from cloned DNA 
(for a recent review see Boyer and Haenni, 1994). In 
addition, proviral DNA of retroviruses is Infectious. How- 
<s ever, attempts to obtain Infectious virus from cDNA 
clones of negative-strand RNA viruses have met with 
great difficulties. This is due to two properties of these' 
viruses: (i) neither genomic nor antigenomtc RNAs am 
infectious, because they do not serve as mRNAs; and 
so (it) both transcription and replication require ribonucle- 
ocapsids, i.e., rod-tike nucleoprotein complexes 
(RNPs), containing the genomic "RNA and several pro- 
teins, with structural arid/or enzymatic function. 
[0007] Rescue from ctoned DNA has been achieved 
55 several years ago in the case of influenza virus, a neg- 
ative-strand RNA virus containing eight genome seg- 
ments. Their RNPs which are small in size and loosely 
structured as revealed by the susceptibility of their RNA 
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componenl to RNase, can be assembled in vitro from 
RNA and the required viral proteins, N and the por/mer- 
• ase components, Initially, an artmcial RNA has been 
used carrying as a reporter the chloramphenicol acetyl- 
transferase (CAT) coding sequence embedded in the 
non coding terminal segments of an influenza virus ge- 
nome subunfl (Luytjes el a!. , 1989). Later, singteauthen- 
tic or altered genome eubunit RNAs transcribed in vitro 
from cloned DNA were used (Enami and Palese, 1 991 ). 
The assembled RNPs replicated and transcribed upon 
transfection Into influenza-infected cells, as monitored 
by CAT production and by rescue of a reasserted influ- 
enza virus, respectively. Purification of virus containing 
the introduced subunB from the vast excess of non^re- 
assorted virus in some cases can be accomplished by 
selection, for example, using a specific neutralising an- 
tibody directed against the protein encoded by the cog- 
nate sub-unit of the helper virus. 
(0008] In contrast, for the viruses with a nonsegment- 
ed negative-strand RNA genome, grouped together in 
the order Mononegaviralas (Pringle, 1991) the much 
more tightfy structured and longer RNPs, containing in . 
addition to the N protein the assembly and polymerase 
cof actor phosphoprotein (P) and the viral RNA polymer- 
ase (targe protein, L) have been refractory to functional 
reassocfafion in vitro. Therefore, many laboratories ap- . 
preached the rescue of representatives of the Morton- 
egaviraias starting out with subgenomic RNAs contain- 
ing only essential sections of the viral genomes, using 
viruses to provide the helper proteins required to intra- 
celtularly encapsidaie and replicate these mini-repli- 
cons. First, naturally arising subgenomic RNAs, com- 
peting with the viral replication and thus known as de- 
tective interfering particle (Dl) RNAs (Re, 1991) were 
used,- being substituted later by artificial Dl RNAs con- 
taining reporter genes, transcribed from appropriately 
.constructed plasmids. These mini-replicons, first de- 
vised by the group of -WL.Krystal (Park et at., 1991) ac- 
cording to the replfcon used for the initial influenza res- 
cue model (Luytjes et al., 1 989). carry a CAT coding se- 
quence inserted into viral nonccding terminal regions of 
Sendal virus (SeV) and have been used successfully al- 
so for respiratory syncytial virus (CoUinsj.et 'aL, 1993; 
. Collins et ai, 1991), human parainfluenza virus 3 (Di- 
mock and Collins, 1993), rabies virus (RV) (Conzel- 
mann and SchneS, 1994) and MV (Sidhu et al., 1995). 
[0009]. In all these systems, the essential helper pro- 
teins were provided efther by the. homologous viruses 
or by the vaccink vector VTF7-3 encoding phage T7 
RNA polymerase {Fuerst et al.. 1986) to drive T7-spe- 
effic transcription of transf ected plasmids encoding the 
required proteins K P and L as pioneered by Pattnaik 
et aL, (1990). These Investigations using mini-replicons 
have allowed important insights into the nonccding reg- 
ulatory regions of the corresponding viral genomes and 
antigenomes (for a recent discussion see Wertz et al., 
1 994). Adopting the same experimental set up, the res- 
cue of VSV, as. RV a member of the Rhabdoviridae, has 



now also been reported (Lawson et ai, 1995). 
[0010] An important drawback of thai method (as well 
as the method reported lor the rescue of neoatrve-etrand 
RNA viruses with a segmented genome) is the invorve- 
s ment of a helper virus which has to be* separated from 
the rescued virus and which can interfere with the rep- 
lication of the vims to be rescued For RV and VSV, both 
belonging to the rigidly structured Rhabdoviridae and 
replicating to high triers, this is not an important problem 
io However, in case of loosely structured, polymorphic vir- 
ions typical for the members of the famfy Paramyxovirh 
daa and in case of viruses yielding only relatively low 
titers, the presence of a helper virus would render the 
recovery of rescued viruses difficult and may well pro- 
's elude their rescue altogether. 

[001 1] Accordingly, the technical problem underlying 
the present invention was to provide genetic material 
useful for the generation of non-segmented negative- 
strand RNA viruses, preferably of the family Paramyxo- 
20 viridae and most preferably of measles virus and a sys- 
tem for the recovery of such viruses with reasonable ef- 
ficiency. The solution to said technical problem is pro- 
vided by the embodiments characterised in the claims. 
[001 2J Thus, the present invention relates to a method 
25 for the production of ah infectious non-segmented neg- 
ative-strand RNA virus of the order Mononagavmlas 
comprising 
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(a) introducing a cDNA molecule comprising the en- 
tire (+)-strand sequence of said negative-strand 
RNA virus operauVely linked to an expression con- 
trol sequence, which allows the synthesis of antlg- 
enomic RNA transcripts bearing the authentic 3*- 
termrnt, into a helper cell expressing an RNA- 
polymerase, preferably T7 RNA-potymerase, an N 
and a P protein, preferably of the virus to be res- 
cued, and, further, an L protein, preferably of the 
virus to be rescued, encoded by a cDNA comprised 
by a ptasmid either transiently or stably introduced 
into said cell; and 

(b) recovering the assembled infectious non-seg- 
mented negative-strand RNA virus. 



[001 3] Accordingly, the present invention can be prac- 
45 tised by the provision of a cDNA molecule for the pro- ' 
duction of any negative-strand RNA virus of the family 
, Paiamyxoviridaa. Preferably said antigenomic RNA 
transcripts also bear the authentic 5*-terminL- 
poi 4] As has been further found in accordance with 
« the present invention, effective production of measles 
virus which is a negative-strand RNA virus of the family 
Paiamyxoviridae, is only obtained if the replbons spec- 
ified by said cDNA molecule consist of an integral mul- 
tiple of six nucleotides. This phenomenon will also be 
ss referred to as the "rule of six 0 throughout this application. 
The cDNA molecules can conveniently be used for the 
rescue of negative strand RNA viruses of the family Par- 
amyxoviridaa. 
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[0015] In a preferred embodiment of the present in- 
vention, said expression control sequence is an RNA 
polymerase promoter. 

[0016] In another preferred embodiment of the 
present Mention, said cDNA molecule Is comprised in 
a plasmid. The plasmid is capable of propagation and 
preferably also expressing said cDMA molecule as an 
antigenormc RNA. 

[0017] In a more preferred embodiment, said plasmid 
contains an expressible DNA fragment which replaces 
aprefe rably homoiogous D MA region of s aid cDNA mol- 
. ecuie, or provides additional-genetic Information. 
[0018] As was also found in accordance with the 
present invention, in the case of MV-based repficons the 
rule of six must be obeyed, if a foreign - homologous or 
heterologous - expressible DNA fragment is inserted in- 
to the plasmid containing said cDN A. In other words, any 
newly created repficon specified by appropriately con- 
structed cDN A molecules win only be capable of yielding 
reasonable amounts of the desired product, if ft obeys 
the rule of six. 

[001 8] In a most preferred embodiment, said plasmid 
is characterised in that the expressible DNA fragment is 
inserted into or adjacent to a region of said cDNA en- 
coding a viral protein, said insertion being effected in a 
manner maintaining the reading frame to create a fusion 
protein and permitting the expression of said DNA frag- 
ment under the control of the signal sequences of said 
viral protein. In accordance with the present invention It 
is anticipated that in various cases appropriate Oterml- 
nai extensions of viral proteins will not interfere with their 
functionary. 

[0020] In variation to the above described preferred 
embodiment and also comprised by the present inven- 
tion, the expressible DNA fragment is expressed in such 
a manner downstream of a viral protein coding region 
to avoid formation of a fusbn protein, but nevertheless 
' allowing expression of the downstream coding se- 
quence either by a stop/restart mechanism where the 
last A residua of the upstream termination triplet! coin- 
cides with ftat of the start codon of the downstream cod- 
ing region, or by placing an internal ribosome entry site 
(IRES) between the two coding regions; see example 
12, second paragraph. 

[0021] In a further most preferred embodiment, said 
plasmid is characterised in that the expressible DNA 
fragment is inserted into a non-coding region of said cD- 
NA and flanked by viral signal sequences or heterolo- 
gous signal sequences controlling the expression of the 
RNA f ragment specified by.said DNA fragment; see ex- 
ample 1 2, first paragraph. 

[0022] Examples of this embodiment, creating addi- 
tional transcription units, are provided by the plasmids 
specifying MVs expressing the heterologous CAT read- 
ing frame shown in Figure 10. 
[0023] in a further more preferred embodiment of the 
invention, said plasmid comprises a genomic ribozyme 
sequence immediately adjacent to the ? terminal nucle- 



otide of said cDNA molecule and optionally downstream 
of said genomic ribozyme sequence at least one termi- 
nator; preferably the T7 terminator. 
[0024] The inclusion of a ribozyme sequence into the 

s plasmid of the invention leads to the faithful cleavage of 
the RNA transcript, thus greatly enhancing the yield of 
transcripts bearing the correct 3* termini which, m the 
case of MV, must obey die rule of six. 
[0025] In a most preferred embodiment, said genomic 

io ribozyme sequence is the hepatitis delta vims genomic 
ribozyme sequence. 

[0026] In a further more preferred embodiment, said 
plasmid bearing said cDNA is capable of replicating in 
a prokaryotic host A preferred example of such a 

is prokaryotic host is E. colL Illustrations of the preferred 
example are ail cDNA constructs giving rise to modified 
MVs as shown in Figures 2 and 10 demonstrating plas- 
mids replicating to high copy number in E. colL 
(0027] Additionally, in a more preferred embodiment 

20 said plasmid bearing said cDNA(s) is capable of repli- 
cating in a eukaryotic host 

[0028] The invention envisages the replication and 
expression (i.e. transcription, followed by translation of 
the transcripts formed) of the rescued vector, i.e. the 

& packaged RNA particles (RNPs), in any suitable eukary- 
otic, preferably vertebrate, host cell. Preferred host cells 
are those with a high replication and expression capac- 
ity. Most preferred are those host cells that allow an easy 
recovery of rescued viruses for further replication and 

30 subsequent formulation in vaccines. 

[0029] In another more preferred, embodiment said 
expressible DNA fragment of said plasmid is a DNA ' 
fragment being homologous or heterologous with re- 
spect to the negative-strand RNA virus and encoding at 

35 least one immunogenic epitope, .• 

[0030] In a most preferred embodiment of the' present 
invention, in said plasmid said expressible DNA frag- 
ment encodes at least one immunogenic epitope of at 
least one pathogen, preferably an envelope protein, at 

40 least one gene product lacking in genetically detective 
individuals or toxic for targeted malignant cells. 
[0031] This most preferred embodiment of the inven- 
tion allows for the construction of plasmids as a basis 
for vaccines that effectively induce an immune response 

45 against one or preferably various different pathogens. 
In the case that the expressible DNA fragment encodes 
an envelope protein of a different virus than measles vi- 
rus or of another pathogen, a measles virus based plas- 
mid can be used to target specific ceQ types usually not 

so recognised by measles virus. Said cell types can then 
selectively be targeted by rescued viruses specified by 
the plasmid of the invention and confer to said cell type, 
for 'example, a molecule that said cell type is in need of 
or a toxin, if said cell type is to be eliminated. Naturally, 

s$ said molecule or toxin is also to be encoded by said plas- 
mid. The person skilled In the art Is capable of devising 
further applications of this basic principle for which the 
plasmid of the invention can be used. 
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[0032] Abo, said plasmid can ertcode a product lack- 
ing in genetically defective individuals. The rescued vi- 
rus can then be used for gene therapy of said genetically 
defective individuals. 

[0033] Further,- malignant cells can be targeted by the 
rescued virus which is based on said plasmid and mol- 
ecules toxic for said mafignant cells may be delivered 
[0034] In a further most preferred embodiment of the 
present invention, in said plasmid said expressible ON A 
fragment is derived from a virus, a bacterium, or a par- 
asite. 

[0035] In a further preferred emboolment of the inven- 
tion, said expressible DMA fragment of said plasmid en- 
codes an immunogenic epitope being capable of elicit- 
ing a protective immune response. 
[0036J In a further preferred embodiment, said cONA 
f molecule or piasmids are based on an RNA virus which 
is measles virus or mumps virus. 
[0037] Tbe invention further contemplates for its prac- . 
tise a prokaryotfc. or eukaryotic host cell transformed 
with a plasmid as descrtoed above. Preferred host cells 
have been discussed above. 
[0038] The invention can be put into effect using a 
helper ceD capable of expressing an RNA replicon from 
a cONA molecule as described above; said cDNA mol- 
ecule being comprised in the plasmid described above 
or a plasmid comprising a cDNA molecule for the pro- 
duction of negative-strand RNA virus of a family of the 
order Mononagavirales which is not a member of the 
family of the Paramyxoviridae, said cDNA molecule 
comprising the entire (+)-strand sequence, operativety 
linked to an expression control sequence, and optionally 
ah expressible DNA fragment which replaces a prefer- 
ably homologous DNA region of said cDN A molecule or 
provides additional genetic information, said expressi- 
ble DNA fragment encoding preferably at least one im- 
munogenic epitope of at least one pathogen, which most 
preferably is capable of eliciting a protective immune re- 
sponse, said cell further being capable of expressing 
proteins necessary for transcription, encapsidation and 
replication of said RNA. 

[0039] Apart from the features described above, the 
cDNA molecule for the production of negative-strand 
RNA virus of a family of the order Mononegavimles 
which is not a member of the family of the Pammyxo- 
viridae may also have in certain embodiments the char- 
acteristics of the cDNA molecules that were discussed 
herein above, optionally in conjunction with the piasmids 
described above. 

[0040] In view of the problems the prior art was con- 
fronted with for rescuing non-segmented negative- 
strand RNA viruses, in accordance with the present in- 
vention paradigmatic cell Bnes providing as helper func- 
tions T7 RNA polymerase and MV N and P protein were 
developed Rescue of MVs can be directly monitored 
after transfection with piasmids specifying antigenomic 
RNAs and MV L mRNA. In principle, analogous helper 
cell Bnes can be generated for any of these viruses; thus 



this rescue approach is applicable for all Monor&gavf- 
rales replicating in vertebrate cells. 
[0041] Thus, in a preferred ernbodiment of the inven- 
tion, said proteins necessary for encapsidation, tran- 

s Bcription and replication of said RNA are an RNA 
• polymerase, preferably T7 RNA polymerase and opt ton- 
airy T3 RNA polymerase, and N and P protein, prefera- 
bly of the virus to be rescued. In accordance with the 
present invention, said proteins are expressed from sta- 

10 blytransfected expression ptesmids, henceforth defined 
as genomic expression. 

[0042] Since the rescue system now developed, in 
contrast to the one used for rescue of RV (SchneD et aL, 
1 994), VS V {Lawson'et aL, 1 995) and very recently also 

« lor SeV (D. Kolakofsky, personal communication), does 
not rely on any helper virus, mere is no need to separate 
the rescued virus from the vast excess of any helper vi- 
rus. Bmination of vaccinia virus from rescued virus is 
accomplished by a simple filtration step in the case of 

20 the rigidly structured virions of RhabdoviridaebuX would 
involve more complex purification schemes in case of 
pleomorphic Paramyxovindae, particularly those not 
replicating to high titers such as MV. Furthermore,' for 
viruses impaired in replication and/or budding by the 

2$ . vaccinia virus, rescue using the prior art systems might 
fail altogether. Another possible drawback of the prior 
art systems based on the vaccinia helper virus is the 
high frequency of ONA recombinations occurring in the 
cytoplasm of vaccinia virus infected celts which might 

so cause recombination of the plasmid bearing the antige- 
nomic sequence with the piasmids encoding N, P and L 
protein required for the helper function; this may lead to 
rescue of viruses containing N, P and L sequences de- 
rived in part from the helper piasmids rather than from 

3$ the plasmid bearing the antigenomic sequence. The 
helper cell system circumvents alt of these problems 
and should in principle be applicable for the rescue of 
any of the Mononegavimles replicating In vertebrate 
cells. 

<o [0043], It may not be necessary for the rescue of any 
single representative of Mononegavimles, to establish 
a helper cell line expressing the cognate N arid P protein 
Qn addition to T7 polymerase). Mini-replicon constructs 
containing the noncodingterminal regions (NCTsj Qf ca- 

45 nine distemper virus (CDV) which is like MV a morbiili- 
virus, differing frorh MV in 35% of the nucleotides in the 
NCTs, replicate in the MV-specific helper cells at an ef- 
ficiency approaching that of the homologous MV mint- 
repltcon. Thus, possibly CDV could be rescued with the 

3> 293-3-48 cells, which were developed in accordance 
with the present invention and more generally, any help- 
er cell line might be able to rescue a number of not too 
distantly related Mononagaviralas. This win probably 
. depend on the compatibility of the proteins elicited by 

55 the related viruses, which was shown not to be the case 
for SeV-specific N and P and PIV3-specific L tCurran 
and Kolakofsky, 1991). 

[0044] For the establishment of new helper cell Ones 
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for other viruses which are also envisaged by the 
present invention, the following considerations might be 
helpful. The constitutive expression of the T7 RNA 
polymerase and the MV proteins N and P did not impair 
the long term stability of the 293-3-46 cell One, as men- s 
tioned in the examples. attached hereto. Thus, inducible 
expression of these proteins, for example, by the ap- 
proaches described by the group of Bujard (for a review 
see Gossan et at, 1993) will probably not be necessary, 
although 8 cartnot be excluded^ io 
of other viruses are more deleterious for celt growth than 
those of MV. Titration of the ptasmids used for transfec- 
tion proved essential, showing that a ratio of about 1: 
1000 of bencoding and anligertome-p reducing pias- 
mtd, respectively, was optimal, in agreement with the « 
deleterious effect of high VSV L expression for VSV rep- 
lication noted by Schubert et aL (1985). An aitemative 
mode of transiently supplying U using a plasmtd con- 
taining a CMV promoter/enhancer and an intron up- 
stream rather than downstream of the L coding region so 
to permit some export of the tong L mRNA from the nu- 
cleus, was also successful in rescue, but the efficiency 
was not better than with the standard method of cyto- 
plasmic T7-dependent L expression and more than a 
hundred times more L encoding ptasmid was optimal for 25 
rescue, in view of these experiences, the decision not 
to include an I encoding ptasmid for the generation of 
helper cells, thus allowing expression of L at adjustable 
ratios, was probably advantageous. Nevertheless, it ■ 
should be mentioned that a celt line stably expressing so 
SeV-denVed N, P and I which mediates long term rep- 
lication of natural SeV DIs has been described (Witlen- 
brink and Neubert, 1 994). It is important to note that this 
cell fine differs fundamentally from the helper ceOs de- 
fined n the present invention by. its lack of T7 polymer- 35 
ase. As a consequence, no rescue of a virus and not 
even of a miriireplicon from cloned ONA is feasible with 
this cell line. 

[0045J In a further preferred embodiment, said helper 
cell is transfected with at least one of sad above de- *o 
scrtoed ptasmids, said ptasmids containing variant an- 
tinomic cDNA of a representative of the Mononega- 
virales, and Is additionally stably transfected with a plas- 
mtd comprising DNA encoding the cognate viral L pro- 
tein. * 4$ 
[0046] Thus, instead of selecting for a helper cell that 
also encodes per se the viral polymerase (L protein), 
said L protein is transfected into said helper cell on a 
different ptasmid, preferably by cotransfection. Further, 
a stalled person using the teachings of the present in- so 
vention is able to create a suitable helper ceil line ex- 
pression also L protein, in which case cotransfection is 
not necessary. 

[0047] In a most preferred embodiment, the genes en- 
coding said N, P and L proteins are derived from mea- ss 
sles or mumps virus. 

[0048] tn a further most preferred embodiment, said 
helper cell is derived from the human embryonic kidney 



cell fine 293 (ATCC CFB_ 1573).. A preferred example of 
such a cell is clone 293-3-46 described in the examples 
[0049] The invention further relates to an silectious 
negative-strand RNA virus strain belonging to the order 
Mononagavtales obtained by the method of the inven- 
tion. 

[0050] It must be recalled that five years ago, in an 
erroneous account, MV rescue was reported by our fab- 
oratory (BaOart et aL, 1 930 and EP-A 0 440 21 9), using 
the same basic principle. At that tome, the experiments 
were based on microinjection of initiation complexes, 
consisting of T7 RNA polymerase and ptasmids speci- 
fying MV genomes or antigenomes, into a particular eel! 
line containing defective but replicating MV genomes. 
However, the rescue by microinjection experiments, un- 
fortunately carried out by only one collaborator, could 
not be repeated, and all purportedly rescued viruses did 
not contain the genetic tag, as summarised in a com- 
mentary to these extremely sad and devastating events 
(Aldhous, 1 992). It is now clear that rescue of MV could 
not be expected with that experimental setup for several 
reasons, in particular due to additional nucleotides at 
both ends of the generated RNAs and due to a cloning 
mistake rendering the RNA incompatible with the rule of 
six (Calain and Roux, 1993; the present invention). 
[0051] The rescue efficiency, in comparison to rescue 
of positive-strand RNA viruses (Perrotta and Been, 
1990), is low, since only 1 to 6 out of 10 s transfected 
cells, each exposed on average to about 2.5x10 s mol- 
ecules of anttgeriomic and 60 to 800 molecules of (.-en- 
coding ptasmid, trigger the formation of syncytia Nev- • 
ertheless, in comparison with the rescue method de- 
scribed for RV and VSV, where about 2x1 0 7 cells are 
transfected to obtain one rescue event (Lawson et aL, 
1995; Schneli et at., 1994), the MV rescue compares 
wed, particularly in view of the fact that the MV genome 
size is. roughly 4.5 kb larger and thus in principle more 
difficult to rescue. Importantly, the low efficiency should 
not constitute a difficulty for the rescue of MV variants 
replicating only to titer levels even orders of magnitude 
lower than the Edmonston B strains, since the bottle- 
neck of rescue is constituted most likely by an early 
event It is important ot note that on cells fixed at various 
times after transfection, immunofluorescence indicating 
H or M gene expression was monitored exclusively in 
syncytia and there was no indication that rescue was 
confined to single cells. When rescue is visible directly 
by syncytia formation, already thousand of progeny MV 
genomes have arisen; impaired and thus slowly repli- 
cating virus variants might not form visible syncytia ini- 
tially, but should be revealed after splitting of the trans- 
fected cell culture or upon seeding onto fresh Vero cells. 
[0052] In a preferred embodiment of the method of the 
invention, the ratio of the plasmid comprising the cDNA 
molecule comprising the entire (+)-strand sequence of 
said negative-strand RNA virus operatrvely [inked to an 
expression control sequence, which allows the synthe- 
sis of antl-genomic RNA transcripts bearing the authen- 
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lie ^-termini, and the plasmid comprising DNA enooolng 
the viral L protein is aboul 1 000: 1 . 
In accordance with the present invention ft has been 
shown that the above ratio is optimal for transfection ef- 
ficiency. 5 
pom In further preferred ernbodiments of the meth- 
od of the invention, said recovering is either directly .ef- 
fected from the transfected helper eel) culture after syn- 
cytia formation or, after mixing of detached helper cells 
with any other cells competent of being infected and rep- w 
Heating the assembled RNA viruses. 
[0054] The mention relates furfter to a vacdne com- 
prising the RNA virus according to the invention which 
opttonafly ts obtainable by the method of the invention 
described above, optionally in combination with a phar- w 
maceuttcaffy acceptable carrier. 
[0055] The advantages of the vaccine of the present 
invention will be briefly discussed below. 
[0056] In the past, a variety of DNA viruses and pos- 
itive-strand RNA viruses have been used as carriers to so 
direct the expression of heterologous genes or gene 
segments in host ceDs, mainly with the aim to eBcit im- 
mune protection against the pathogen from which the 
heterologous genetic material was derived. The main 
advantage of using such live vaccines is their ability to & 
multiply and typically infect a variety of different cell 
types, generating the antigens of interest intraceflulany 
which can therefore be presented efficiently to the im- 
mune system, thus facilitating the induction of both T 
cell help and cytotoxicity. In contrast, killed vaccines or 
proteins manufactured by recombinant DNAtechnology 
are much less efficient,, even by administration in vari- 
ous particulate forms developed recently, which are 
more efficient than traditionally used adjuvants. In addi- 
tion, such vaccines typically induce no mucosal immu- 
nity, which is very important for protection against path- 
ogens entering by the respiratory or intestinal route. 
Failure to induce mucosal immunity is also typical for . 
the immunisation approach using injection of naked 
DMA encoding antigens. 

[0057] On the other hand, most replicating vaccines 
constitute a possible threat, even if they ate not prolif- 
erating, such as avipox vectors in humans (Baxby and 
Padetti, 1992). Complex viral vectors (e.g. based on 
vaccina virus and related pox viruses, adenoviruses a! 
herpesviruses) and bacteria! vectors (e.g. based on de- 
rivatives of the agents causing tuberculosis or cholera) 
inherently elicit many lateral, unnecessary and/or unde- 
sired immune responses. In addition, DNA integration 
in the genome of infected or transfected cells bears at 
least the potential for malignant transformation. Mu Ittau- 
thored assessments of various types of vaccines have 
been published recently (Vaccines and public health; In- 
ternal J. of techn. Ass. In Health care 10. 1-196 1994; 
Science 265,1371-1451, 1994), from which the partic- 
ular benefits of small RNA-based live vaccines are evi- 
dent 

[0058] Several engineered positive-strand RNA virus- 



es have been described for potential use as vectors for 
immunisation purposes; early examples include pofiovi- 
rus (Burke et al, 1988) and Sindbis virus (Xiong et a)., 
1 989) and among several more recent accounts, involv- 
ing larger polypeptide fragments expressed from vari- 
ous representatives of the Proomaviridae, just one 
should be mentioned here (Artcfino et aL, 1994). 
[0059] However, ft must be stressed that the use of 
RNA viruses as vectors for vaccination purposes cru- 
cially depends on the stability of the foreign genetic ma- 
terial during the replication of the virus. This is not a triv- 
ial problem, because these viruses rely on a polymerase 
devoid of proofreading activity. Said problem has advan- 
tageously been solved by the present invention: in com- 
parison to vaccine vectors based on positive-strand 
RNA viruses as mentioned above, the vaccine of the in- 
vention as exemplified by MV-based al- or multivalent 
vaccines show several important advantages which are 
valid in principle tor any other member of the Paramyxo- 
viridae such as mumps virus. First, the size of inserts is 
not a priori limited by a requirement to fit into an tcosa- 
h'edral protein shelL Second, the tight encapsidation of 
the genomes of Mononegavirales obviates RNA sec- 
ondary structure which is very important in case of the 
posfttve-strand RNA viruses over the whole genome 
length to allow proper replication without annealing of 
the product to the template RNA strand; RNA segments 
encoding foreign antigens are not evolved to meet such 
requirements. Third, due to the modular set up of the 
genome, different insertion sites' and expression modes, 
either as additional transcription units or as elongation' 
of existing transcription units, expressing the inserted 
downstream reading frames by stop/restart or by an in- 
ternal ribosbme entry site can be envisaged, thus allow- 
ing a targe range of different expression levels accord- 
ing to the position within the MV transcription gradient 
Fourth, due to extremely low recombination frequen- 
cies, Mononegavirales can be expected to retain non- 
essential genetic material much more stably than posi- 
tive-strand RNA-viruses. Finally, the rule of she, valid for 
MV as was found in accordance with the present inven- 
tion and for other Paramyxovirinae (Cabin and Roux, 

1 993) , but as judged from cognate mini- and midi-repii- 
cons, not for Rhabdoviridae (Conzelmann and Schnell, 

1 994) or tor Prmumovirinae (Coffins et al., 1993), should 
even increase the faithful retention of foreign coding re- 
gions inserted in Paramyxovirinae in comparison to oth- 
er Mononegavirales. Such an additional genetic stability 
can be anticipated because only one in six adventitious- 
ly arising large deletions and no small insertion or dele- 
tion of 1 to 5 nucleotides In a region nonessential for 
viral replication are expected to lead to viable progeny.. 
[0050] Further, knowledge of the nucleotide se- 
quence variants conferring attenuation wOl allow to' 
change the coding sequences not implicated in attenu- 
ating properties according to the evolution of the viruses 
over the years thus permitting to "update" the vaccines 
without incurring the danger of losing the quality of al- 
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P061] The invention addftionaI|yr contemplates for Its 
practise the use of the ptasmid described above in so- 
matic gene therapy. 

[0062] Since viral envelope proteins can be ex- * 

changed among different representatives of Mononega* Figure 4: 

vrrafes, as shown here by the replacement of the MV 

envelope proteins with the VSV glycoprotein, it seems 

feasfote to target the repfion based on the replication 

machinery a? MbnonegaWrafes to particular ceil types; w 

thus, certain applications in somatic gene therapy can 

be envisaged. Advantages in comparison to existing 

vectors or gene therapy include their email size, thus 

limiting antigen reactions to a few proteins, and their 

complete inability to integrate into DNA and thus to 75 

transform ceils. 

[0063] Adaltonally, the invention can be put into effect 
using the ptasmid described above for targeting special 
cell types. An outline of such targeting schemes and ap- 
plications has been provided above. so 
[0064] The invention may further find application in 
the use of the ptasmid deserved above for the functional 
appraisal of mutations found typically in MV variants re- 
spons&le for fatal subacute sclerosing panencephalits 
or for the identification of mutations responsible for at- 25 
tenuation of Paramyxoviridae strains, preferably mea- 
sles virus strains. 

[0065] Finally, the invention can be practised through' Figure 5: 
a diagnostic composition comprising at least one cDN A 
molecule anaVbr at least one plasmid as described so 
above. 

THE FIGURES SHOW: 

[0066] 35 

Figure 1: Genomic map of measles virus 

Figured Ptasmid vectors specifying RNAs with cor- Figure 6: 
rect MV-speciftc termini The numbers be.- *o 
low the plasmid names indicate the length 
in nucleotides of the RNAs generated after 
ribozyme self-cleavage. G enomic or antig- 
enomic sense of the specified RNAs is in- 
dbated by (-) and (+), respectively. Note *5 
that the MV nucleotide sequences present 
in these plasmids deviate in 30 positions 
from EMBL accession No K01711. most 
notably by a deletion of an A residue at pos. 
30, compensated by insertion of an A at so 
pos. 3402. For a commented overview of a 
MV consensus sequence see Radecke and Figure 7: 
Billeter(1995). 

Figure 3; Western btot showing the expression of MV 55 
N and P proteins in MV-intected 293 cells, 
uninfected 293 cells and in cell line clones • 
293-346 and 293-3-64, respectively. Ar- 
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rows indicate the position of the structural 
MV N and P proteins as well as the non- 
structural V protein arising from MV P gene 
transcript editing. 

Overview of experimental components and 
procedures for rescue. A: Mini-replicon res- 
cue, implicating transection of in- vitro tran- 
scrfced RNA and coinfectfon with MV, sup- 
plying helper proteins N. P end L (and for 
later stages also M, F and H. as well as non- 
structural proteins C and V). B: MV rescue! 
implicating transection of plasmid DNAs 
into helper cells mediating both artificial T7 
transcription and N and P functions. For ex- 
planation of most symbols see Figure 2." 
The L encoding plasmid pEMC-La contains 
an internal ribosome entry site derived from 
encephalomyocarcfitis virus (stippled oval, 
EMC IRES), fused to the L coding region 
such that the initiator AUG of EMCV and L 
coincide; a poly dA tract downstream 
(about 40 dAs) is indicated as pdA These 
two devices ensure transcript stability as 
well as efficient translation from the tran- 
scripts generated in the cytoplasm. 

Assay of CAT activity elicited in 293-3-46 
helper cells by transf action of the plasmid 
constructs p107MV(-):CAT and p107MV 
(-):CAT, specifying minkeplicons, and con- 
struct p(+)NP:CAT, specifying a midkeplt- 
con. The backbone of the plasmid 
' pT7P2tacZ is simitar as described in Pelie- 
tier and Sonenberg (1988). The CAT read- 
ing frame of the original plasmid is replaced 
by the tacZ reading frame. 

Visualisation of syncytia formed in 
293-3-46 helper cells. A: Rescue experi- 
ment viewed by phase contrast microsco- 
py 4 days after transection. B, C: Cells 
grown on glass cover slips, fixed 3 days af- 
ter transfectlon and viewed by phase con- 
trast (B) or indirect Immunofluorescence 
microscopy using a monoclonal antibody 
directed against MV M protein (C). Similar 
results were obtained with an antibody 
against H. The bar length represents 
100pm 

Sequence determination of plaque-purified 
viruses, carried out by RT-PCR followed by 
cycle sequencing as described in the Ex- 
amples. The left lanes of the relevant area 
reproduced from a sequencing gel relate to 
our laboratory Edmonston B strain, the 
right lanes to the rescued virus, Nucleotide 
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positions indicated correspond to those in 
the MV consensus sequence as defined in 
Figure 2. 

FlgureS: Repfcatbn behaviour of plaque-purified vi- 
ruses, evaluated by an overlay technique 
as described in the Examples, The deriva- 
tives of rescue experiments, the standard 
MV tag EdB and the 504 nucleotide dele- 
tion mutant MVA5F EdB are compared with 
a clone from our laboratory Edmonston B 
virus strain. The results of two independent 
' experiments using a representative clone 
of each virus species are shown. 

Figure 9: Northern blots revealing mRNAs of the res- 
cued MV derived from p{+)MV, and the MV 
deletion mutant derived from p(+)MVA5F 
(Fjgure 2). The monocistronte F, M and H 
mRNA species (open triangles) and the bi- 
dstronic MF and FH mRNAs (black trian- 
gles) are revealed by M, F, and H-specific 
- probes. .The F-speciftc mono- and bicis- 
tronic RNAs induced by the deletion mutant 
are clearly smaller than the corresponding 
RNAs induced by the rescued standard MV 
(AF, 1BS9 rather than 2372 nt calculated, 
without considering poly A tails; M&F, 3338 
' rather than 3842 nt, and AFH, 3330 rather 
than 4334 nt.). * 

Figure 10: Plasmids for production of standard and 
deleted MVs and hybrid MVs containing 
additional genes or exchanged envelope 
proteins. 

Note that two MV chimeric clones recoverd 
from p(+)MPCATV and from p(+)MHCATV 
after 10 cycles of infection still expressed 
CAT activity encoded by the additional tran- 
scription unit in every one of the 10 clones 
taken from the tenth cycle tested. 

Figure 1t: Electron microscopy of BHK cells infected 
with replicating agent rescued from p(+) 
• MGV. 

Large arrays of RNPs typical for MV-infect- 
ed cells ara visible, showing unimpaired 
replication capability of the chimeric viral 
RNA. 

Figure 12: Electron microscopy of BHK cells infected 
with replicating agent rescued from p(+) 
MGV. 

Pleomorphic particles resembling MV viri- 
ons are formed despite the fact that in these 
infected ceO cultures exclusively VSV G 
protein and no trace of the MV envelope 
proteins F and H was detectable by West- 



em blotting. 

Figure 13: Electron microscopy of BHK cells infected 
with VSV VSV virion particles. 
s The typical bullet-shaped VSV virions differ 

completely from the pleomorphic MV-like 
particles shown in Fig. 12. 



[DOST] The examples, illustrate the invention: 



EXAMPLE 1 : CELLS AND VIRUSES 

Celts were maintained as monolayers in 
Dulbecco*s modified Eagle's medium 
(DMEM) supplemented with 5% foetal 

'£ calf serum (FCS) for Vero cells (African 

green monkey kidney), with 1 0% FCS for 
293 cells (human embryonic kidney) and 
. with. 10% FCS and 1-2 mg/ml G418 for 
the stably transfected 293 derived ceQ 

so clones. 

To grow MV virus stocks reaching titers 
of about 107 pf u/ml, recombinant viruses 
were propagated in Vero cells, and the 
. vaccine strain Edmonston B was grown 

25 in Vero or 293 cells. One round plaque- 

purification was carried out by transfer- 
ring a syncytium to a 35 mm vero celicul- 
ture which was expanded- to a 175 cm 2 
dish. Virus stocks were made from 175 

so cm 2 cultures when syncytia formation 

was pronounced. Cells were scraped in* 
to' 3 ml of OptiMEM I (GIBCO BRL) fol- 
lowed by one round of freezing and 
thawing. The virus titrations were carried 

as out on 35 mm Verocell cultures, After 2-3 ; 

h of virus adsorption, the inoculum was 
removed and the cells were overlaid with 
2 ml of DMEM containing 5% FCS and 
1% SeaPlaque agarose. After 4-5 days, 

<0 cultures werefixed with 1 ml of 1 0% TCA 

for 1 h, then UV-cross (inked for 30 min. 
After removal of the agarose overlay, cell 
monolayers we're stained with crystal vi- 
olet dissolved in 4% ethanol, and the 

45 plaques were counted.- 

EXAMPLE 2: GENERATION OF CELL LINE 293-3-46 
Before the transfection, all plasmids 
were linearized by digestion with Stil and 

so sterilised by ethanol precipitation. Cells 

were seeded into one 35 mm well for 
transfection during 13h as described be- 
tow. The transfection mix contained 5 jig 
of pSC6-N, 4 ug of pSC6-P, and 1 ug of . 

55 pSC6-T7-NEO. - Then, cells were 

washed once with 2 ml of phosphate 
buffered saline (PBS; 137 mM NaCI, 2.7 
mM KCL 8 mM Na 2 HP0 4 , 1.5 mM 
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KHjFOJ, and DMEM containing 10% 
FCS was added After 2 days in culture, 
the celts of the 35 mm well were spirited 
to two 75 cm 2 dishes, and selection un- 
der \2 mg/ml G41B was started ehang- B 
ing the medium every second day. 
After ~2 weeks, the first dones of a total . 
of ""100 clones were transferred to 5 mm 
wells. When a clone had expanded to a 
21 mm -or 35 mm wed, cells were seed- "> 
ed for screening. The expression of the 
MV N and P proteins was analysed by 
Western blotting (see also below) 
using -1/3 to 1/10 of the total lysate of a 
-confluent 21 mm well To monitor the is 
functionality of the T7 RNA polymerase, 
a 35 mm cell culture was transf acted with 
4 fig of pEMC-Luc Peng etal t 1991), 
and the lucfferase activity in 1/1 25 of the 
cleared total lysate (Promega protocol; so 
harvest 1 day after transection) was 
measured in a tuminometer. Clones ex- 
pressing the MV N and P proteins com- 
' parable to the same number of 293 cells " 
infected with MV and showing a 17 RNA 
polymerase activity as high as possible 
were chosen to lest their performance in 
allowing MV Dl RNAs to express CAT. 
Here, 5 ug of the ptesmids p107MV(+): 
CAT, p107MV(-):CAT, or p(+)NP:CAT 30 
with or without 1 00 ng of pEMC-La were 
transfected. After- 1 day, cells were lysed, 
and 1/4 of the cleared Jysates was tested 
for CAT activity. 

3$ ; 

EXAMPLE 3: PLASMID CONSTRUCTIONS 

Afl cloning procedures were basically as 
described in Sambrook et at (19B9). 
PCR amplifications were carried out us- 
ing the proofreading Pfu DNA polymer- 
ase (Stratagsne) and primers with a 3* 
terminal phosphorothioate bond instead . 
of a phosphodiester bond (Skerra, 
1992). DNA sequences of the synthetic 
oligonucleotides are given in lower case 45 
for non-MV nucleotides and in upper 
case for the M V nucleotides; sequences 
of relevant restriction endonuclease rec- 
ognition sites are underlined. The con- 
struction of the ptasmid p1 07MV(-):CAT so 
can be found in Sidhu etal., 1995. Ptas- 
mid p107MV(+):CAT is the analogue of 
the piasmid p107MV(-):CAT. The addi- 
tional intercistronic region of p(+)NP: ' 
CAT that is similar to the N-P irttergenic ss 
boundary was constructed by inserting 
(5 , <teGCCTACCCTCCATCATTGT- 
TATMAMACTTAGGAACCAGGTC 



CACACAGCCGCCAGCCCAT- 
CAACo^ategcgata-3\ MV(+) 
1717-1782) and the internally comple- 
mentary oligonucleotide into the Spot' 
site of the P gene. The PCR-amplified 
CAT coding region was inserted as de- 
picted in Figure 2. 

The description of the assembly of the 
first MV fun length DNA, the source of 
MV nucleotides 2044-1 4937 m later ver- 
sions of full length clones such as 
peuT7MV(-) (see below), is given in Bai- 
lart et al, 1 990. The main features of the 
piasmid p(+)MV (Figure 2) are as fol- 
lows: The T7 promoter allows the syn- 
thesis of the MV antigenomic RNA pre- 
cisely starting with the first nucleotide. 
The genomic hepatitis delta virus rt- 
bozyme (6) liberates upon self-cleavage 
the correct MV 3* terminal nucleotide. Df- 
rectly downstream of the 6 ribozyme, the 
T7 RNA polymerase terminator T$ stops 
most of the transcribing polymerases. 
This ensures that adjacent sequences 
derived from the vector backbone will not 
interfere with the cleavage activity The 
cloning of p(+)MV started by annealing 
two internally complementary oligonu- 
cleotides #191 fg-qqqqaac catcgatg ga- 
taaqaa tQcqqccgc a gqtac -31 and #192 
fS'-c tqcqqccqca ltcttatc catcaBt Qqt- 
tccccgc-3') yielding a short polylinker 
that carries the restriction sites for Sad I, 
Cla\, A/ofl, and Kpri. This new potyfinksr 
replaced the Sadl-Kpri fragment in 
pBloT7 derived from pBIuescript KS(+) 
(Stratagene) containing the T7 promoter 
fused to a Nsh site (Kaeiin, 1989) thus 
forming the piasmid pBIoT7NSCNK. To 
done in the 5* -terminal 2041 bp of the 
MV antigenome (up to the- Sadl site), a 
WsA-digestton was followed by treatment 
with Ktenow polymerase in the presence 
of all four dNTPs. This created a blunt- 
end cloning site flush to the nontran- 
scribed part of the T7 promoter se- 
quence. A MV fragment comprising the 
nucleotides 1-2078 was generated from 
the 3351 bp Pvul -fragment of peuMV(-) 
by PCR amplification using primers #1 82 
(5*-ACC AAACAAAGTTGG GTAAGG AT- 
AG-3 1 , MV(+) 1-25), and #183 {S- 
CAGCGTCGTCATCGCTCTCTCC-3', 
MV(-) 2077-2056). Note mat the addi- 
tional A residue at position MV(+) 30 
(Sidhu etal, 1 995) derived from the MV 
sequence of peuMV(-) was later deleted 
by mutational PCR Upon Sadl-tteat- 
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merit the MV fragment was ligatsd into 
the vectorto yield pT7MV(+)5'. Next the 
^-terminus of the antigenome was 
linked to the sequence of 6 followed 
downstream by T$. The MV 3 1 -* ragment s 
(nucleotides 14907-15894) was gener- 
ated from the 1 4046 bp PvtA -fragment of 
peuMV(-) by PCR amplification usingthe 
primers #186 (5*-GAGAAGCTAGAG- 
GAATTGGCAGCC-3 1 ; MV(+) 14907- « 
1493)) and #1 B7 (ff-ttc toaao^ct cACCA- 
GACAAAGCTGGG-3*, MV(-) 15894- 
15879> Another PCR amplification on 
the plasmid peu3a5T$ with the primers 
#184 (S'-ataapaa tQcqgccoca tccQoatat- 15 
agttcctec-3') and #FR4 (5'-ttctoaa- 
gactcTGGTggccgQcatQatcccaQ-3 1 . MV 
(+) 1391-15894) yielded the genomic 
HDV rtoozyme linked to the T<fr. Both 
primers #FR4 and #1 B7 contain close to 20 
their 5* ends the recognition sequence 
for Scsi which creates a sticky end on 
both fragments comprising the four 3'- 
terminal MV nucleotides (MV(+) TGGT). 
After the digestions of the MV 3*-frag- & 
ment with Oa\ and BbsA, of the S/ty-frag- 
ment with Bbs\ and NoH t and of pT7MV 
(+]5 > witti CfeJ and rVofl. a three-way li- 
gation yielded the plasmid pT7MV(+) 
S'S'Sty The final step to generate p(+) & 
MV was to fill in the remaining antige- 
nomic MV nucleotides 2044-14937 by a 
three-way ligation. The Sadl-Pad frag- 
ment (MV{+) nucleotides 2044-7242) 
and the Pad-Cla[ fragment (MV nude- 35 
otides 7243-14937) were released from 
plasmid peuT7MV(-). These two frag- 
ments were ligated into pT7MV(+) 
5 , 3'5T^ from which the remaining 
poiyfinker (Sadl-Ctel) had been re- 4> 
moved. The plasmid p(-)MV (Figure 2) 
was constructed similarly. The setf- 
deavage activity of 5 was demonstrated 
by detecting the expected small 3" frag- 
ments of in vitro made RNAs on a 5% 
polyacrytamide/7M urea get. To gener- 
ate p(+)MVA5F carrying a 504 nt-dele- • 
tfon (MV(+) 4925-5429) in the S noncod- 
ing region of the F gene, first a PCR was 
carried out on plasmid pAeF1 (Huber, so 
1993) using primers #88 (S'-CcGAAT- 
CAAGACTCATCCAATGTCCATCAT- 
GG-3 1 , MV(+) 5430-5461) and #B9 (5 1 - 
AGAGAGATTGCCCCAATGGATTTGA 
CCG-3T, MV(-) 5550-5523). The PCR SS 
fragment digested with HpaH replaced 
the Narf-Hpat fragment in.pAeFL The 
-Rad -fragment of this vector then 
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replaced the corresponding fragment in 
p( + )MV. 

The vector backbone of pEMC-U is 
based on pTM1 (Moss et at, 1990) in 
which a A/col -site overlaps with an ATG 
trinucleotide. Using this ATG as the start 
codon, an open reading frame inserted 
into this Moot-site is translationalty con- 
trolled by the enceprtakmyccarditts 
(EMC) virus internal ribosome entry site 
(IRES). The MV L coding sequence 
[inked to an artificial poiy(dA)-tract was 
taken from vector pAeL (Huber, 1 993) in 
two steps: first, a 405 bp. fragment con- 
taining the MV nucleotides 9234-9630 
was generated by PCR using primers 
#194 fff-qtgga tccATGG ACTCGCTATC 
TGTCAACC-3\ MV(+) 9234-9255) and 
#195 (5 , -AGTTAGTGTCCCTTAAGCAT 
TGGAAAACC-3', MV(-) 9630-9602); 
second, a 6265 bp fragment comprising 
nucleotides 9572-15835 of the MV L 
gene sequence joined to the poly(dA)- 
tract was excised with Ecofll. After re* 
moving the Ncd-EcoRi part of the 
poly linker in pTM1 and digesting the 
PCRfragment also with Wed and Ecofl], 
a three-way ligation including the 6265 
bp Ecofll-fragment yielded pEMC-La. 
To eliminate the T7 promoter located 5' 
of the CMV promoter/enhancer in the 
vectors pSC-N and pSC-P (Huber etaL, 
1991), pSC6-N and pSC6-P were con- 
structed by replacing a PviA-EcoRi frag- 
ment with the corresponding fragment of 
pSP65 (Promega). pSC6-T7 was gener- 
ated by exchanging the N gene insert of 
0SC6-N by the fragment carrying the T7 
RN A polymerase gene of pAR 1 1 73 (Da- 
vanloo et a/., 1 984). pSC6-T7-NEO was 
constructed by ligation of the phos- 
phogtycerol kinase promoter-neomyctn- 
resistance cassette (Soriano et a/., 
1991) into the unique Awtl site of 
pSC6-T7 using appropriate linker oiigo- 
deoxy ribonucleotides. AD dontng siles 
were verified by sequencing. . 

EXAMPLE 4: TRANSFECTION OF PLASM1DS AND 
HARVEST OF REPORTER GENE 
PRODUCTS 

Cells were seeded into a 35 mm well to 
reach "50-70% confluence when being 
transacted. 36 h before transfection, 
• the medium was replaced with 3 ml of 
DMEM containing 10% FCS. G418 was 
omitted henceforth because ol its toxic 
effect during transfection. All plasmids 
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were prepared accortfing to the QIAGEN 
plasmid preparation kit The protocol for 
the Ca 2 * phosphate coprecip&ation of 
the DMA was adapted from Rozenbtatl 
et al (1979). The plasmids (2-10 ug per s 
35 mm welQ were diluted with 300 uJ of 
1x transfectron buffer (137 mMNaCl, . 
4.96 mM KCI, 0.7 mM NagHPO* 5.5 mM 
dextrose, 21 mM HEPES pH 7.03). 1 M 
CaClg solution was added to a final Ca 2 *- io 
concentratfon of 125 mM, and the mix 
was incubated at 20°C for 30-120 min. 
Thecopreqpitates were added dropwise 
to the culture and the transf action was 
carried out at 37°C and 5% COg for "15 
h. Then, the transf ection medium was re- 
placed with 3 ml of DMEM containing 
10% FCS. The products of the reporter 
genes were harvested 24-37 h after 
transfectioa Cells were washed and 20 
lysed with Reporter lysis buffer (Prome- 
ga) t and CAT and lucrf erase assays were 
done following the supplier's protocol 

EXAMPLE 5: EXPERIMENTAL SET-UP TO RESCUE 2$ 
MV 

293-3-46 cells prepared for transfection 
as described above were transfected 
with 5 (ig of the ptasmid harbouring the 
MV antigenomic DNA in presence or ab- so 
sence of 1-100 ng of the piasmid speci- 
fying the MV L mRN A. Rret syncytia ap- 
peared about 2-3 days after'transfectbn 
when the cells ware stilt subconfiuent To 
allow syncytia formation to progress 3S 
more easily, almost confluent ceD mon- 
olayers of each 35 mm welt were then 
transferredtoa 75 cm 2 dish. When these 
cultures reached confluence, cells were 
scraped into the medium and subjected . 40 
once to freezing and thawing. Cleared 
supematants were used to Infect monol- 
ayers of verb cells either to grow virus 
stocks or to harvest total RNA for analy- 
sis. 45 

EXAMPLE 6: RT-PCR, CYCLE SEQUENCING, 
NORTHERN BLOT, WESTERN BLOT, 
IMMUNOFLUORESCENCE 
For RT-PCR followed by cycle seguenc- so 
ing, Vero cells were infected with cleared 
virus suspensions either harvested from 
rescue cultures or from later passages, 
and total RNA was isolated according to 
Crwjrrc2yriskiandSacchi(19B7). 2jigof ss 
total RNAs were first hybridised with 10 
pmol or 1 nmol of random hexamer prim- 
ers by heating to 80°C for 1 min and then 
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quick-cooled on ice. Reverse trHnscnp- 
tions were carried out with 200 U of 
MMLV-RT (GIBCO BRL) in the presence 
of 1 mM dNTPs in a buffer containing 20 
mM Tris-HCI pH 8.4, 50 mM KCI, 2.5 mM 
MgCfe, 0.1 mg/ml bovine serum albumin, 
and 1 U RNAsin (Promega). The mixes 
were kept at 20°C for 10 min, incubated 
at 42*C for 1 h, and terminated by heat- 
ing at 95°C for 10 min. 1/10 of the reac- 
tion volumes was used as templates for 
the PCR amplification with the primers 
#59 (S'-ACTCGGTATCACTGCCGAG- 
GATGCAAGGC-3\ MV(+) 1256-12B4) 
and #183 (S'-CAGCGTCGTCATCGCT 
CTCTCC-3T, MV(-) 2077-2055). After 40 
cycles, the 822 bp fragments were iso- 
lated using the QIAqutek gel extraction 
kit (QIAGEN). The sequencing reactions 
were done according to the linear ampli- 
fication protocol (Adams and Btakesley, 
1991). Primer #78 (S'-ctaGCCTAC- 
CCTCCATCATTGTTATAAAAAACTTA 
G-3\ MV(+) 1717-1 749) was used for the 
tag in the 5* noncoding region of the P 
gene and primer #6 (S'-ecggTTATAA 
CAATGATGGAGGG-3\ MV(-) 1740- 
1722) for the tag in the 3' noncoding re- 
gion of the N gene. 

Total cellular RNA for Northern blot anal- 
ysis was isolated from Vero cells using 
the TRt REAGENT®. (Molecular Re- 
search Center, Inc.) and poly(A) RNA 
was purified using oIigo(dT)2£-coated 
super paramagnetic- polystyrene beads 
(Dynal) and a magnetic particle concen- 
trator. The RNA was electrophoresed 
through a 1% agarose gel in 6% formal- 
dehyde-containing running buffer and 
transferred to a Hybond-N* membrane 
(Amersham) by capillary elution in 20x 
SSC. Filters were prehybridlsed at 42°C 
tor 4 h. Hybridisation was performed 
overnight at 42 6 C in 50% (v/v) forma- 
mide, 1 M NaCl, 10% (wA/) dextran sul- 
fate, 1% SOS, yeast tRNA (0.1 mg/ml) 
containing 2X1 0 6 c.p.m7ml of an [n&P] 
dATP-labeled DNA probe prepared with 
Prime-It II (Stratagene). The following 
DNA fragments were used for random 
priming: the 1.4 kb Sah-BamH\ fragment 
from pSC-M (Huber et a/., 1 991 )„thB 1.7 
kb Hpd'Pad fragment from pCG-F, and 
the 1.6 "kb Smal-Xbal fragment from 
p5C-H (Huber et aft, 1991). pCG, a eu- 
karyotic expression vector containing a 
SV40 origin of replication and a CMV 
promoter/enhancer, was constructed by 
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deletion of the L gene as well as the 
downstream p-globtn splice sfte of pSO 
L (Huber et al ( 1991; Severne et al. f 
1 9B8) and subsequent insertion of the p- 
globin splice site (from pSG5 Strata- s 
gene) upstream of a new potyfinker. The 
pCG-based plasmid pCG-F contains an 
insert consisting of the entire F gene. Fil- 
ters were washed in 2x SSC at 20*Cfor 
lOmlnandtwice tn2xSSC, 1%SDSat ?0 
65*C for 30 miru Bands were visualised 
by autoradiography. 

To analyse the expression of the MV N 
and P proteins by Western blotting, cells 
were washed with PBS and cytoplasmic '5. 
extracts were prepared using 300 uJ lysis 
buffer (50 mM Tris-HCI pK 6, 62.5 mM 
EDTA. 1% NP-40, 0.4% deoxycholate, ' 
1 00 ugfrni phenylmethytsutfonyf fluoride, 
and 1 ug/rnl Aprotinin). About 1 /B0 of the » 
total fysates was run on SDS-8%PAGE 
and blotted onto tmmobilon-P mem- 
branes. As first antibodies, either the 
rabbit polyclonal anti-N antibody #179 
(kindly provided by C. Oerveli prepared 25 
according to standard procedures) in a 
6000-fold dilution in TBST (10 mM Tris- 
HCI pH 7.2-8, 150 mM NaCI, 0.05% 
Tween 20) or the rabbit polyclonal anti- 
P antibody #17B (Oerveil and Norrby, ao 
1 980) in a 3000-fold dilution in TBST was 
used The second antibody was a swine 
anti-rabbit antibody coupled to horserad- ' 
ish peroxidase allowing the visualisation 
of the bands by the enhanced chemitu- as 
minescence kit (ECL™ Amersham Life 
Science, RPN 2106). 
For immunofluorescence microscopy, 
293-3-46 ceils were seeded for a rescue 
experiment on 24 mm x 24 mm glass *o 
cover slips in 35 mm wells, cultured over- 
night and transfected. as described 
above. 3 days after transfection, cells • 
were permeabilized with acetonermeth- 
anol (1:1) and indirect immunbfluores- <b 
cence was performed essentially as de- 
ecrfoed (Hancock et at, 1990; Oerveil 
and Norrby, 1 980), except that PBS was 
supplemented with 1 mM MgCfe and 0.8 
mM CaCIa and that p-phenylendiarnine so 
was omitted from the mountant Viral M 
and H proteins were detected using 
mouse monoclonal anti-M-16BB2 and 
anti-H«t29 antibodies (Sheshberadaran* 
et at, 1983) and rabbit anti-mouse IgQ ss 
Flab'y antbodtes coupled to rhodam- 
me (Pierce, 31666). 



EXAMPLE 7: GENOMIC AND ANT1 GENOMIC PL AS- 
MIDS SPECIFYING MlNV t MiDK AND 
' . FULL LENGTH REPUCONS 

The plasmid constructs used in this 
study are shown in Figure 2. p107MV(-): 
CAT and pl07MV(+): CAT specify ge- 
nome- and antigenome-sense RN As, re- 
spectively, in which aD MV coding re- 
gions are precisely replaced by the CAT 
coding region. In MV-infeded cells or h 
helper cells (see below), they give rise to 
mini-reprtcons and to capped and polya- 
denylated CAT mRNA comprising the 
5*N and the 31 rtortcodhg region. p(+) 
NP:CAT, containing in addition also the 
MV N and P coding regions in their oral- 
nary MV sequence context, gives rise to 
mldkepRcons. Full length or partially de- 
leted antigen omic or genomic RNAs are 
. specified by p(+)MVA5F, p(+)MV and p 
(-)MV: For all these plasmids, transcrip- 
tion with T7 RNA polymerase yields 
RNAs bearing the authentic nucleotides 
of the viral genomic and antigenomic ter- 
mini, respectively (Sidhu et at, 1995). 
Correct initiation was accomplished by 
direct fusion of the T7 promoter (devoid 
of its transcribed part) to the genomic 
and antigenomic sequence. Starting all - 
transcripts with the MV-spectfic nucle- 
otides ACC rather than the T7-specific 
GGG reduces the RNA yield by about 
one order of magnitude, as revealed by 
in vitro transcription studies using pre- 
cursor plasmid constructs. To mediate 
- formation of the correct MV 3' termini, the 
hepatitis delta virus genomic rtbozyme 
sequence (Perrotta and Been,. 1990) 
was cloned immediately adjacent to the . 
MV 3* terminal nucleotides; the introduc- 
tion of T7 terminators increased the effi- 
' clency of self-cleavage. 

EXAMPLE 8: HELPER CELLS STABLY EXPRESS- 
ING MV N AND P PROTEIN AS WELL 
AS T7 RNA POLYMERASE 

The human embryonic kidney cell line 
293 was chosen because it is highly per- 
missive for MV. in addition, these cells 
can be efficiently transfected by the cal- 
cium phosphate coprecip Ration method; 
30 to 60% of the cells stained blue 24 
hours after transfection with a plasmid 
encoding p-gabctosidase. 
Following cotransfection of 293 cells 
with pSC6-N, pSC6-P and pSC6-T7- 
NEO as described in the Examples, 
about 100 colonies were expanded un- 
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der neomycn selection. The expression 
of N and P was screened by Western 
blotting, and the activity of T7 RNA 
polymerase was evaluated by transf ec- 
tbn with a reporter ptasmid containing s 
the firefly luciferase coding region under 
control of a T7 promoter. Many clones 
expressed high levels of P, but only few 
' coexpressed N efficiently. Figure 3 
6howsN and P expression of two select- to 
. edceH Ones at levels comparable to that 
of MV-infected 293 celis; T7 RNA 
polymerase activity detected in clone 
293-3-46 was among the highest of all 
dories whereas it was about 100 times ts 
tower in clone 293-3-64 which turned out 
not to rescue MV. A third cell line, 
293-3-43, expressing the three proteins 
at levels comparable to 293-3-46 was al- 
so active in rescue. zo 
- The expression of the introduced genes ' 
did not reduce the susceptibility for MV 
infection, the helper cell line 293-3-46 
principally used MV rescue, although 
growing at a rate 2-3 times slower in & 
comparison to the parent 293 fine, 
proved to be very stable and fully func- 
tional after more than 80 cell splittings at 
dilutions 1:4 to 1:8. 

30 

EXAMPLE 9: FROM MV MINI-REPUCON RESCUE 
USING HELPER MV TO MV RESCUE 
USING HELPER CELLS 293-3-46 
The MV rescue system was developed 
stepwise, permitting to functionally test 3S 
. aft components. On one side, MV-de* 
pendent rescue of mini- and later suc- 
cessively longer midi-repficons was as- 
certained by CAT reporter assays. Simi- 
larly, on the other side, the functionality AO 
of the 293-3-46 cells was compared t the 
MV-based help described before (Sidhu 
etaL, 1995). 

The minwepficon rescue test is shown 
schematically in Figure 4A. Small tran- <s 
scripts from p107MV(-):CAT, p107MV 
(+):CAT (Sidhu et a!_, 1995) and later 
longer transcripts, e.g. generated from p 
(+)NP:CAT (Figure 2). behaved like minl- 
and midkepftcons, respectively. They so 
were encapsidated/ transcribed to pro- 
duce CAT. replicated and packaged into 
virion particles to infect new cells. During 
the first 2 to 4 infection cycles, they mas- 
sively amplified whereas in later cycles ss 
replication of both MV and the rmnkep* 
(icons was curtailed, as observed for nat- 
urally occurring Dl RNAs (Re, 1991). 



Analyses of the amplified RNAs showed 
that the encapsidated repfcons and the 
CAT transcripts contained the respective 
different MV-spectfie terminal regions 
(Sidhu et al., 1995). Most importantly, it 
turned out thai for efficient function, the 
' total-number of nucleotides of the repli- 
cons had to be a multiple of six, a re- 
quirement - termed the rule of six - pre- 
viously found essential for natural and 
slightly modified SeV 01 RNAs of the 
copy-back type (Calain and Roux, 
1 993). Adherence to this rule was crucial 
for the construction of plasmids specify- 
ing a variety of mini- and midkepltcaris 
such as those shown rh Figure 2. This 
was also the case for full lengths clones. 
The helper function of stably transf ected 
cell clones was tested with the set-up 
represented in Figure 4B, using however 
either ptasmid p107MV(-):CAT, p107MV 
r»:CAT or p(+)NP:CAT (Figure 2) in- 
stead of p(+)MV. As shown in Figure 5, 
CAT activity arose in the transfected 
cells, although at levels considerably 
lower than in 293 celts infected with MV 
and cotransfected directly with mini-or 
midkepltcon RNA. The cotransfection of 
ptasmid pEMC-La encoding the MV L 
protein was an absolute requirement As 
expected, low background CAT activity 
was detected when the plus-sense mini- 
repficon construct was' used. The two 
constructs containing only the CAT read- 
ing frame in the plus- and minus-sense 
elicited about equal amounts of CAT ac- 
tivity; the midi-repficon construct gave 
rise to roughly 100 times less CAT act'rv- ' 
Ity than the minkeplicon. 
The transfection protocol was optimised 
in terms of maximal achievable CAT ac- 
tivity, using mini- and midkepltcon plas- 
mids. Then, the full length constructs p 
(+)MV and p(-)MV were tested. About 
10 6 cells contained in each 35 mm wen 
were transfected and- we estimate that 
about one tenth of these actually re- 
ceived full length as well as the L-ertcod- 
ing plasmids. Usually, following cotrans- 
fection of p(+)MV and pEMC-La, 1 to 6 
syncytia developed after 2 to 3 days In 
each well. No syncytia were found when 
the latter was omitted or when the p(-) 
MV plasmid was used. The rescue ex- 
periments were carried out by different 
experimenters using different DNA prep- 
arations. The efficiency was slightly via- 
ble, but at least 30% of the transfected 
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weds revealed rescue. Figure' 6 shows 
typical syncytia formed in these experi- 
ments, viewed either directly (phase 
. contrast, 6A) or after fixation of cells 
grown on cover slips (phase contrast,, s 
6B, or immunofluorescence ol the same 
area, 6C). 

EXAMPLE 10: CHARACTERISATION OF RESCUED 

MV 10 

First, it had to be ascertained that the - 
rescued MVs contained the genetic tag 
which had been introduced into the MV 
full length plasmid clones. The 3 nt tag 
indicated in Figure 2 originated from a 7 $ 
variant 176 nt N/P noncoding gene 
boundary region (NCGB) recovered 
from the SSPE-derived MV replicating In 
IP-3-Ca cells (Baliart et al., 1990). Res- 
; cued viruses were amplified in Veto 20 
cells, either directly from the transfected 
cells or after plaque purification; the 
products recovered by reverse transcrip- 
tion followed by polymerase chah reac- 
tion (RT-PCR) were analysed by cycle 2S 
sequencing Figure 7 shows an example 
of these analyses, revealing the AG tag 
instead of CA in the Edmonston B strain 
passaged in our laboratory. . 
We did not analyse the entire sequence 30 
of rescued MVs to exclude any error in- 
troduced either during the assembly of 
the antigenomic plasmid clones or dur- 
ing 77 RNA polymerase transcription in 
the rescue step. However, major delate- 35 
rious changes could be ruled out by an- 
alysing the replication behaviour of the 
rescued virus in comparison to that of the 
Edmonston B strain. Figure B shows that 
both the speed of replication as well as 40 
the final titers reached in repeated ex- 
periments were indistinguishable be- 
tween single plaque-purified normal (MV 
EdB) and rescued (MVtag EdB) viruses. 
The apparent different at day 1 after in- 
fectton was not a consistent observation. 
Non-ptaque-purified virus stocks gave 
similar results. 

EXAMPLE 11: MV MISSING 504 NUCLEOTIDES IN SO 
THE F GENE 5' NONCODING REGION 

As a first application' of the reverse ge- 
netics system, we deleted 504 nucle- 
otides, thus generating a shortened ge- 
nome compatible with the rule of six 55 
mentioned above. This eliminated al- 
most the entire F gene segment of the 
long enigmatic noncoding M/F NCGB 



which is typical for MV and the other mor- 
bilfiviruses, whereas the representatives 
of the other two genera of the subfamily 
Paramyxovirinao, paramyxovirus and 
rubutavirus, contain only a short NCGB. 
Remarkably, it was viable and moreover 
it replicated in cell culture at a rate indis- 
tinguishable from that of the Edmonston 
B and the rescued nondeleted MV strain 
(Figure 8, MVASF EdB). To determine 
the size of the F gene derived RNAs, the 
MV-specrfic mRNA induced by these 
plaque purified viruses was analysed, 
* using probes specific for the F and tor the 
M and H genes situated up- and down- 
stream of F, respectively. Indeed, as 
shown In Flgure.9, the F mRNA as well 
as the MF and FH biclstronlc RNAs are 
consistently shorter in cells infected with 
the MVASF EdB variant 

Example 12: MVs expressing CAT activity 

To explore the feasibility to express for- 
eign proteins from engineered MV we in- 
serted a CAT reading frame flanked by 
" intercistronic regions into the MV antig- 
enomic cONA sequence; two positions 
were tested, on one hand between the N 
and the P and on the other hand between 
the H and the L gene (Figure 1 0, p(+)MP- 
, CATV and p{+)MHCATV, respectively). 
The intercistronic region flanking the 
CAT reading frame was deviced accord- 
ing to the intercistronic N/P gene bound- 
ary region, but contains additional re- 
striction sites unique in the entire plas- 
mid, suitable for further manipulations. 
From these constructs, recombinant 
MVs expressing CAT activity were res- 
cued with about the same efficiency as 
from the standard and the deleted con- 
structs p(+)MV and p(+)MA5FV, respect 
lively. As expected from the natural tran- 
scription gradient typical for all Monon- 
egavirales, p(+)MHCATV expressed 
somewhat less. CAT activity than p(+) 
MPCATV. Most importantly. the-CAT ex- 
pression of the recombinant viruses 
seems to be remarkably stable as re- 
vealed from the experiment mentioned 
in the legend to Figure 12 in which an 
overall amplification of the recombinant 
viruses of at least 10 30 was achieved. 
- We actually had expected that viruses 
rescued from p(+)MPCATV would be 
less stable than those from p(+)MH- 
CATV,. because in the former the tran- 
scription of all genes following the irtsert- 
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ed CAT are expected to be tower than 
normal whereas in the tatter only the L 
gene transcription should be lower. Ap- 
parently, the position of the insert does 
not greatly affect the viability of the res- 
cued viruses. However, no competition 
experiments with standard MV have 
been carried out so far. Furthermore, it 
has to be expected that recombinant vi- 
ruses expressing proteins which actively 
interfere with MV replication wiD turn out 
to maintain the. inserted gene less faith- 
fully. 

(1 should be mentioned here that inser- 
tion of a foreign coding sequence within 
existing MV genes should be even less 
harmful for' me viral replication than by 
creating new transcription units as in the 
constructs discussed above. The gener- 
al inability of the eukaryotic translation 
.machinery to express more than one 
reading frame from a mRNAcan in prin- 
ciple be overcome by (at least) two de- 
vices: the stop/restart mechanism and 
internal nbosome entry sites (IRES). 
Both mechanisms are actually used in 
special cases for natural protein expres- 
sion. An example ol the first is represent- 
ed by the translation of the M2 polypep- 
tide in influenza B virus (Horvath, CM., 
Williams, MA, and Lamb, R. A. (1990) 
Eukaryotic coupled translation of tan- 
dem cisuons; identification of the influ- 
enza B vims BM2 polypeptide. EMBO J. 
9, 2639-2947). For the second mecha- 
nism, many recognized natural prece- 
dents exist, most notably the IRES of Pi- 
comaviridae (Sonenberg, N. (1990) Po- 
liovirus translation. Curr. Top. Microbiol 
Immunol 161, 23-47), but also IRES in 
cellular mRNAs such as that specifying 
BiP (Samow, P. (1990) Translation of 
glucose-regulated protein 7BAmmu- 
nogtobuEn heavy-chain binding protein 
mRNA is increased in poliovirus-intected 
cells at a time when cap-dependent 
translation of cellular RNA is inhibited). 
AB of these cited types of device have 
been explored in the context, of the MV 
N and H genes, using as coding regions 
downstream of the MV N and H reading 
frames those yielding CAT and firefly lu- 
crlerase, respectively, as reporters. The 
whole bicistronic constructs were ex- 
pressed from conventional expression 
ptesrnidsin primate cells and yields of re- 
porter proteins ranging between 10 and 
100% in comparison to the proteins en- 



coded by the upstream reading frames 
were obtained (Diploma theses, Univer- 
sity of Zurich, composed by A. 
Cathomen (1 991 ) and O. Peter (1 992)). 

s 

Example 13: MV chimera bearing the VSV enve- 
lope protein - 

Toexplore the feasibility to rescue genet: 
baity stable chimeric Mononegavfrafes 
io in which the envelope proteins of one vi- 

rus are replaced by the those of another 
virus p(+)MGV and pMG/FV (Figure 1 0) 
were constructed. In the former con- 
struct the entire MV F and H coding re- 
is gions were replaced by that encoding 
the VSV G protein which fulfills a recep- 
tor binding and a fusion function analo- 
gous to those of the MVHand F proteins, 
respectively. The latter construct was de- 
20 • ■ viced such that a fusion protein is creat- 
ed containing the large exterior part and 
the transmembrane region from the VSV 
G protein fused to. the cytoplasmic tail of 
the MV F protein which is thought to in- 
25 teract specifically with the MV M protein. 

indeed, chimeric viruses could be recov- 
ered from both constructs which could 
be distinguished from each other only by 
slightly drfferent cytopathic effects 
so (which are both drastically different from 

those elicited by MV) and by the fact that 
In cells infected by the virus rescued 
from the latter construct the fusion pro- 
tein could be revealed by Western biot- 
as ting not only by antibodies rfirectedto the 
VSV G exodomain by also to antibodies 
directed against the MV F cytoplasmic 
tail. Both chimera replicated, as deter- 
mined by end point dilutions, to reason- 
40 abty high titers only about one order ol 
magnitude lower than the titers obtained ' 
by MV. In addition, they showed the bio- 
logical specificities expected: they read- 
ily infect rodent cells (which do not ex- 
& press a MV receptor) such as BHK (Frg- 
ures 11, 12) where may form abundant 
cytoplasmic and nuclear RNPs typical 
for MV (Figure 11) as well as pleomor- 
phic particles resembling MV virions 
so (Figure 1 2) completely different from the 
tight shell- or cigar-like VSV virions (Flg ; 
ure 13) thought to be shaped primarily 
by the VSV M protein. 
Considering the fact that MV and VSV 
ss are only very distantly related Morton- 
eoavfra/esand indeed belong to different 
families (Pammyxoviridae and Rhab- 
dovuidaQ, respectively), It seems quite 
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A method for the production of an infectious non- 
segmented negative-strand RNA virus of the order * 
Mononegavhalos comprising 

(a) introducing a cDNA molecule comprising 
the entire (+)-strand sequence of said negative- 
strand RNA virus operativery linked to an ex? 
pression control sequence, which allows the 
synthesis of antigenomic RNA transcripts bear- 
ing the authentic 3'-termini, into a helper cell ex- 
pressing an RNA-polymerase, preferably 77 
RNA : po(ymerase, an N and aP protein, prefer- 
ably of the virus to be rescued, and, further, an 
L protein, preferably of the virus to be rescued, 
encoded by a cDNA comprised by a plasmid 
either, transiently or stably introduced into said 
cell; and 

(b) recovering the assembled infectious non- 
segmented negative-strand RNA virus. 
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tains an expressible DMA fragment which replaces 
a homologous DNA region ol said cDNA molecule. 

6. The method of ciaim 4, wherein said plasmid con- 
tains an expressible DNA fragment which provides 
additional genetic information. 

7. The method ol claim 4, wherein said plasmid con- 
tains an expressible DNA fragment which replaces 
a heterologous DNA region of said cDNA molecule. 

8. The method of any one of claims 5 to 7, wherein 
said plasmid is characterized In that the expressible 
DNA fragment is inserted into a region of said cDNA 
encoding a viral protein, said Insertion being effect- 
ed in a manner maintaining the reading frame, pref- 
erably to create a fusion protein, and permitting the 
expression of said DNA fragment under the control 
of the signal sequences of said viral protein. 

9. The method of claim 5 to 7 , wherein said plasmid is 
characterized in that the expressible DNA fragment 
is expressed In such a manner downstream of a vi- 
ral protein coding region to avoid formation of a fu- 
sion protein, but nevertheless allowing expression 
of the downstream coding sequence either by a 
stop/restart mechanism where the last A residue of 
the upstream termination triplet coincides with that 
of the start codon of the downstream coding region, 
or by placing an internal ribosome entry site (IRES) 
between the two coding regions. 

10. The method of any one of claims 5 to 7, wherein 
said plasmid is characterized in that the expressible 
DNA fragment is inserted into a non-coding region 
of said cDNA and flanked by viral signal sequences 
or heterologous signal sequences controlling the 
expression of the RNA fragment specified by said 
DNA fragment. 

11. The method of any one of claims 4 to 10, wherein 
said plasmid comprises a genomic ribozyme se- 
quence Immediately adjacent to the 3* terminal nu- 
cleotide of said cDNA molecule and optionally 
downstream of said genomic ribozyme sequence at 
least one terminator, preferably the T7 terminator. 



2. The method of claim 1 wherein said virus belongs 
to the family Pa/amyxovtmfee. 

3. The method of claim 1 or 2, wherein the expression 
control sequence of 1 (a) is an RNA polymerase pro- 
moter. 

4. The method of any one of claims 1 to 3. wherein 
said cDNA molecule is comprised in a plasmid 

5. The method of claim 4, wherein said plasmid con- 



12. The method of claim 11, wherein said genomic ri- 
bozyme sequence is the hepatitis delta Virus ge- 

50 nomic ribozyme sequence. 

13. The method of any one of claims 4 to 12, wherein 
said plasmid Is capable of replicating in a prokary- 
otic or eukaryotic host 
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14. The method of any one of claims 5 to 1 3, wherein 
said expressible DNA fragment of said plasmid is a 
DNA fragment being homologous or heterologous 
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with reject to the negative-strand RNA wus and 
encoding at least one immunogenic epitope. 

15. The method of claim 14, wherein said expressible 
DNA fragment of said plasmid encodes at least one 
immunogenic epitope of at least one pathogen, 
preferably an envelope protein, or at least one gene 
product Eacfog in genetically defective individuals 
or toxic for targeted malignant cells. 

16. The method ol daim 15, wherein said expressible 
DNA fragment of said plasmid is derived from a vi- 
rus, a bacterium, or a parasRe. 

17. The method of any one of claims 5 to 16, wherein 
6aid expressible DNA fragment of said plasmid en- 
codes an immunogenic epitope being capable of 
eliciting a protective immune response. 

18. The method of any one of claims 2 to 17, wherein 
. said negative-strand RNA virus is measles virus or 

mumps virus. 

19. The method of any one of claims 1 to 17, wherein 
in said helper cell said N, P and! protein encoding 
genes are derived from measles or mumps virus. 

20. The method of any one of claims 1 to 1 9, wherein 
said helper cell is derived from the human embry- 
onic kidney cell line 293 (ATCC CRL 1 573). 

21. The method of any one of claims 1 to 20, wherein 
the ratio of the plasmid as defined in any one of 

. claims 4 to 20 and the plasmid comprising DNA en- 
coding the viral L protein is about 1000:1. 

22* The method of any one of claims 1 to 21, wherein 
said recovery of said virus is achieved directly from 
the transfected helper cell culture after syncytia for- 
mation. 

23. The method of any one of claims 1 to 22, wherein 
said recovery of said virus is achieved after mixing 
of the transfected helper cell with other cells com- 
petent of being infected and capable of replicating 
said virus. 

24. An infectious non-segmented negative-strand RNA 
vims of the family Paiamyxoviridae obtained by the 
method of any one of claims 7 to 10. 

25. A vaccine comprising the RNA virus of claim 24, op- 
tionally in combination with a pharmaceuticafly ac- 
ceptable carrier. 



Patentanspruche 

1. Verfahren zur HersteUung e'mes infektiosen nicht- 
. segmentierten Negatrv-Strang-RNA-Virus der Ord- 

5 nung Mononegavirabs, umtassend: • 

(a) Einfuhrung eihes cDNA-Molekuta, umfas- 
send die gesamte (+)-Strangsequenz das Ne- 

- g^uv-Strang-RNA-Virus, tunktionell mft einer 
10 Expressfonskontronsequeni verbunden, wel- 

che die Synthese von die authantischen 3 , -Ter- 
minf. umfassenden antigenomischen RNA- 
: TransWpten ermdgfichUn eine Helferzefle, die 
eine RNA-Porymerase exprimiert, vorzugswei- 
is se T7 RNA-Potymerase, ein N- und ein P-Pro- 

tein, vorzugsweise des zu gewinnenden Virus, 
und des weiteren ein L-Protein, vorzugsweise 
des zu gewinnenden Virus, kodiert von einer in • 
ein em Plasmid enthaftenen cDNA, das entwe- 
20 der transient oder stabil in die Zeflen eingef Ohrt 

worden ist; und 

(b) Gewinnung des assemblierten infektiosen 
nicht-segmentierten Negativ-Strang-RNA-Vi- 
rus. 

25 

2. Verfahren nach Anspruch 1 , wobei der Virus zu der 
. Famifie der Paramyxoviridae gehdft 

3. Verfahren nach Anspruch 1 Oder 2, wobei die Ex- 
pressionskontrollsequenz von 1(a) ein RNA-Poly- 
merase-Promotor ist. 

4. Verfahren nach einem der Anspruche 1 bis 3, wobei 
das cDNA-Molekul in einem Plasmid enthatten ist 

3$ 

. 5. Verfahren nach Anspruch 4, wobei das Plasmid ein 
exprimierbares DNA-Fragment enthaft, welches ei- 
ne homologe DNA-Regioh des cDNA-MoIekOls er- 
setzL 

40 

6. Verfahren nach Anspruch 4, wobei das Plasmid ein 
exprimierbares DNA-Fragment enthStt, das zusatz- 
liche genetische Informationen bereitstellt. 

45 7. Verfahren nach Anspruch 4, wobei das Plasmid efo 
exprimierbares DNA-Fragment enthalt, das eine 
heterologe DNA-Region des cDNA-Motekuts er- 
setzt 

so a. Verfahren nach einem der Anspruche 5 bis 7, wobei 
das Plasmid dadurch gekennzeichnet ist, daB das 
exprimierbare DNA-Fragment in eine Region der 
cQNA eingefDgl 1st, die ein vfcales Protein kodiert, 
wobei die Insertion in einer Weise ausgefuhrt ist, 

& die das Leseraster befbehatt, vorzugsweise urn ein 
Fusionsprotein herzustellen, und die Expression 
des DNA-Fragments unter der Kontroile der Signal* 
sequenzen des viralen Proteins ermoglicht 



21 



39 EP07B0475B1 40 

& Verfahren nach etnem der Anspruche 5 bis 7. wobei 1 7. Verfahren nach einem der Anspruche 5 bis 1 6, wo* 

das Piasmid dadurch gekennzetchnet ist, daB das baidas exprirnierbare DNA-Fragment des Plasmids 

exprimiefbare DNA-Fragment derart stromabwarts ein irnmunogenes Epitop kodiert, das etna schut- 

von einer viralen prolefavtodjerenden Region axpri- zende Immunantwort hervorrufen kana 

misrt wird, daB die Bitdung eines Fusbnsproteins s 

vermieden, aber nbhtsdestotrotz die Expression .18. Verlahren rtach einem der Ansprflehe 2 bis 17, w> 

der stromabwarts befindlichen kodterenden Se- bei der Negatrv-Strang-RNA-Virus Masero-Virus 

quenz ermogBcht wird, entweder durch einen Stop-/ . oder Mumps-Virus ist 
Neustarl-Mechanismus, wobei der letzte A-Rast 

des strornaurwarts Degenden Termiratioristriplets to 19. Verfahren nach einem der Anspruche 1 bis 17. wo- 

mil demjenigen des Startkodans der stromabwarts ' bei die in der Hetferzede das P- und L- Protein 

Iiegenden kodterenden Region Qbereinstimml, oder kodierehden Gene vom Masenv oder Mumps-Virus 

durch das Plaziaren einer intemen Ribosomein- stammen. 
trittssteOe ((RES) zwischen die beiden kodierendan 

Regfaneri. is 20. Verfahren nach einem der Anspruche 1 bis 19, wo- 
bei die Hefferzetle von der menschJichen embryo- 

10. Verfahren nach einem der Ansprflche 5 bis 7, wobei nischen Nierenzelitnie 293 (ATCC CRL 1573) 
das Piasmid dadurch gekennzetchnet ist, dad das stammt. 

expnrnerbare DNA-Fragment fn eine nfchl kodie* 

rends Region der cDNA eingef ugt ist und durch vi- 20 21. Verfahren nach einem der Anspruche 1 bis 20, wc- 

rale Signals equenzen oder heterofoge Signals e- bei das Vemaltnis des in einem der Anspruche 4 bis 

quenzen fiankiert wird, die die Expression. dBS 20 definierten Plasmids und des Plasmids, wefches 

durch das DNA-Fragment bestimmten RNA-Frag- DNA beinhaltet, die das virale L-Proteln kodiert, un* 

merits kontrollierea ' gefahr 1000:1 ist 

11. Verfahren nach einem der Anspruche 4 bis 10, wo- 22. Verlahren nach einem der Anspruche 1 bis 21, wo- 
bei das Ptasmid eine genomische Ribozymsequenz bei die Gewinnung des Virus direW von der transfi- 
aufweist, die unmittelbar benachbart ist zum 3-ter- zierten Hefferzetikuitur nach Syncytien-Formation 
minaien NuWeotid des cDNA-MolekQls, und gege- erfolgt 

benentalis stiomabwarts der genomischen Ribo- so 

zymsequeriz mindestens einen Terminator, vor* 23! Verfahren nach einem der Anspruche 1 bis 22, wo- 

. zugsweise den T7-Terminator. bei die Gewinnung des Virus nach Vermtschen der 

transfizierten Hefferzelle mtt anderen Zelien ertolgt, . 

12. Verfahren nach Anspruch 11, wobei die genomi-' . die infektionskompetent sind und das Virus replizie- 
■ scheRibozynsequenzdieHepatitis-delta-Virusge- ss ran konnen. 

nomische Ribozymsequenz ist 

24. tntektioser ntcht-segmentierter NegatW-Strahg- 

13. Verfahren nach einem der Anspruche 4 bis 1 2, wp- RNA- Virus der Familie Pammyxoviridae, der durch 
bei das Ptasmid in etnem prokaryotischen oder eu- das Verfahren nach einem der Anspruche 7 bis 10 
karyotischen Wirt reptizieren kann. 40 erhatten wird. 



14. Verfahren nach einem der AnsprQche 5 bis 13, wo- 
bei das exprimierbare DNA-Fragment des Plasmids 
in Bezug auf das Negat'rv-Strang-RNA- Virus ein ho- 
moioges oder heterologes DNA-Fragment ist und 
mindestens ein immunogenes Epitop kodiert 

15. Verfahren nach Anspruch 1 4, wobei das exprimier- 
bare DNA-Fragment des Plasmids mindestens ein 
immunogenes Epitop von mindestens einem Pa- 
thogen Kodiert, vorzugsweise von einem Hullprote- 
in, oder mindestens ein Genprodukt, das in gene- 
tisch defekten (ndividuen fehtt oder toxisch fur an- 
gegriffene maligne Zelien ist 

16. Verfahren nach Anspruch 1 5, wobei das exprimier- 
bare DMA-Fragment des Plasmids von einem Virus, 
einem Bakterium oder einem Parasiten stammt. 



25. *lmptstofl umfassend den RNA- Virus von Anspruch 
24, gegebenenfalts in Kombination mil einem phar- 
mazeutische vertragltchen Trager. 

Revendlcattane 

1. Precede* pour la production cfun virus ARN a brin 
so ndgalifnonsegmenteinfectieuxderordreMonone- 
gavirales, comprenant les etapes consistant a: 

(a) introduire une molecule ADNc comprenant 
toute la sequence (+)-brin dudit virus ARN brin 
55 , negatif lid de facon operante a une sequence 
• de commands cfexpresston qui permet la syn- 
thase des produils de transcription ARN arrti- 
genomiques portant les terminaisons SF 
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autherrtiques, dans une cellule auxt'Daire expri- 
mant une polymerase ARN, de preference une 
polymerase ARN 77, une proteine Net une pro- 
tesie P, de pr6fe*rence du virus a recuperer el 
da plus, une proteine L, de preference du virus s 
a recuperet code" par un ADNc comprts dans 
un pfasmide introbuit de facon transitoire ou 
stable dans ladite cellule; et 
(b) recuperer le virus ARN infectieux a brin nd- 
gatff non segments assemble. 10 

2. Proceed sebn la' revendication 1 , dans lequel iedft 
virus fait partie de la lamiile des Paramyxoviridae. 

3. Precede* selon la revendication 1 ou 2, dans lequel 
la sequence de commands d'expression de 1 (a) est 
un prornoteur de polymerase ARN. 



dantes. 

10. Precede* selon Tune quelconquedes revendications 
5 a 7, dans lequel le plasmide est caracterise" en ce 
que le fragment d'ADN exprimabie est insere* dans 
une region non codante dudft ADNc et flanque" des 
sequences de signaux viraux ou des sequences de 
signaux necrologues commandant Pexpression du 
fragment ARN specrfie par ledit fragment d'AON. 

1 1 . Proced£ selon Pune quetconque des revendicatbns 
4 a 10, dans lequel ledit plasmide comprend une. 
sequence ribozyme genomique irnmediatement 
contigue au nucleotide terminal de tadite mole- 
cule ADNc et facultativement en aval de ladite se- 
quence ribozyme genomique fl comprend au moms 
un terminateur, de presence le terminateur T7. 



4. Proceed selon Pune des revendicatbns 1 a 3, dans 12. PrccedS selon la revendication 11 . dans lequel la 
lequel ladite molecule ADNc est comprise dans un 20 sequence ribozyme genomique est la sequence H- 
plasmide. bozyme genomique du virus delta de rhepatfte. 

5. Precede selon la revendication 4, dans iequet tedit 1 3. Precede" selon P une quetconque des revendications 
plasmide contient un fragment ADN exprimabie qui 4 a 1 2, dans lequel ledit plasmide est capable de 
remplace une regfon ADN homobgue de ladite mo- 2s ' S e re>liquer dans un hole eucaryote ou procaryote. 
leculeADNc. 

14. Precede sebn Pune quelconquedes revenolcations 

6. Proc6d$ seton la revendication 4, dans lequel ledit 5 a 1 3, dans lequel le fragment cTADN exprimabie 
plasmide contient un fragment ADN exprtmable qui dudit plasmide est un fragment d'ADN qui est hc- 

* fournit des informations gen6ttques supplemental- so moiogue ou heierobgue par rapport au virus ARN 

• res, ■• a brin negatif et codant au moins uh epitope immu- 

nogene. 

7. Precede selon b revendication 4, dans lequel (edit 

plasmide contient un fragment ADN exprimabie qui* 15. Precede selon la revendication. 14, dans lequel le' 

remplace une regbn ADN heterologue' de ladite & fragment d'AON exprimabie dudit plasmide code au 

molecule ADNc. moins un epitope immunogene cfau moins un pa- 

' thogene.de presence une proteine enveloppe, ou 

8. Precede selon Pune quetconque des revendications au moins un produit genique ne possedant pas d* in- 
5 a 7, dans lequel ledit plasmide est caracterise en dividus gen&iquement deficients ou toxique pour 
ce que le fragment d'ADN exprimabie est insere 40 des cellules malignes ciblees, 

dans une region dudit ADNc codant une proteine 

virale, ladite insertion dtanteffectueed'unemaniere 16. Precede" selon la revendication 15, caracterise en 

' qui maintient le cadre de lecture, de presence ce que ledit fragment d'ADN exprimabie dudit ptas- 

pour cr6er une proteine de fusion et permettant I'ex- mide est derive a parttr d'un virus, cfune bactene ou 

pressbn dudit fragment d'ADN sous le contrdle des d'un parasite, 
sequence de signaux de ladite proteine virale. 

17. Precede" selon Tune quelconque des revendicatbns 

9L Proceed sebn la revendication 5 a 7, dans lequel 5a 16, dans lequel ledit fragment d'ADN exprimabie 

ledit plasmide est caracterise' en ce que le fragment dudit plasmide code un epitope immunogene capa- 

d'ADN exprimabie est exprime' en aval cfurie regbn so ble cfobtenir une rGponse immunoprotectrice. 
codant la proteine virale de maniere telle a evfter la 

formation cfune proteine de fusion, mats permettant 1 8. Precede seton Pune quetconque des revendications 

neanmotns Pexpression de la sequence codant en 2 a 17, dans lequel le virus ARN a brin negatB est 

aval soft par un mecanisme arret /reprise lorsque le le virus de la rougeole ou des oreillons. 

dernier residu A du triplet de terminaison amont ss 

coincide avec celui du codon de depart de la region 1 9. Precede" selon Pune quelconque des revendicatbns 

codant en aval soft en placant un site cfentree de 1 a 17, dans Iequet, dans la cellule auxiliaire lesdits 

rfoosome interne (SERI) entre tes deux regions co- genes codant la proteine N, P et L sont derives du 
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virus de ta rougaola et des oreiftons. 

20. Procede" se ton Tune quelconque ties revendeations 
1619, dans lequet ladite cellule auxfliaire est deri- 
ves da la lignee des cellules embryonnaires des s 
reins humains 293 (ATCC CRL 1573). 

21. Proc6d6 salon Puna quelconque des revendications 
1 a 20, dans (equal la rapport antra le plasmtde tei 
que defirii dans Puna quelconque des revendica- ™ 
tions 4 k 20 el le plasmide comprenant PADN codant 

la proline virale L est cfenviron 1000 : 1. 

22. Proc6d6 salon Puna quelconque des revendications 

1 a 21, dans lequel tadite recuperation dudit virus is 
est realise* diractement a parti r de la culture da cel- 
lules auxiTaires transfectes apres formation syncy- 
Uale. 

23. Proc^d^selonPune quelconque des revendications 20 
1 a 22, dan6 lequel ladite recuperation dudit virus 

est obtenua apres melange de la cellule auxittaire 
transfectee avec cfautres cellules aptes a etre in- 
lectees et capables d'effectuer ta replication dudit 
virus. ' 25 

24. Virus ARN a brin negatif non segments, irrlectieux 
de Ja famille Paramyxoviridae obtenu par le prece- 
de" salon Tune quelconque des revendications 7 a 

10. 30 

25. Vaccin comprenant le virus ARN selon la revendi- 
catbn 24, facuftatrvement en combinaison avec un 
exciptent pharmaceut'rquemenf acceptable. 
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Plasmid denominations and schemes indicating functional elements (norm scale) 
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Electron Microscopy of BHK cells infected with 
replicating agent rescued from p(+)MGV 

RNP structures (magnification: 41'700x) 




FIGURE 11 



35 




EPO 780475 B1 

Electron Microscopy of BHK cells infected with 
. replicating agent rescued from p(+)MGV 

MV virion-like particles (magnification: 54'300x) 




FIGURE 12 
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Electron Microscopy of BHK cells infected with VSV: . 
VSV virion particles (magnification: 41 , 700x) 




FIGURE 13 
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